We study the decayB →K + − for = e, µ, τ with a softly recoiling kaon, that is, for high dilepton invariant masses q 2 of the order of the b-quark mass. This kinematic region can be treated within an operator product expansion and simplified using heavy quark symmetry, leading to systematic predictions for heavy-to-light processes such asB →K ( * ) + − . We show that the decay rates of bothB →K * + − andB →K + − decays into light leptons depend on a common combination of short-distance coefficients. The corresponding CP-asymmetries are hence identical.
I. INTRODUCTION
Rare B-decays into dileptons are precision probes of the standard model (SM) and the flavor sector and provide constraints on physics beyond the standard model (BSM). Important semileptonic modes in terms of experimental accessibility and theory control are those into a K or a K * . The latter decays exhibit a rich phenomenology especially through angular analysis of subsequent decaysB →K * (→Kπ) + − , see [1] for a recent summary. Decays into a pseudo-scalar mesonB →K + − , = e, µ, τ allow to perform a number of complementary measurements as well. Observables include the decay rate Γ , its CP-asymmetry A CP , the forward-backward asymmetry A FB and the flat term F H appearing in the angular distribution [2] [3] [4] 1 Γ dΓ dcos θ = 3 4 (1 − F H )(1 − cos 2 θ ) + 1 2 1) or distributions in the dilepton mass thereof. (The angle θ is defined in Section II C.)
Previous systematic analyses ofB →K + − distributions [4] focused on the region of large hadronic recoil, where QCD factorization (QCDF) applies [5, 6] . The intermediate recoil region where charmonium-resonances dominate the dilepton spectrum throughB → K(J/Ψ, Ψ ) →K + − decays has been studied recently [7] . In this work we provide a systematic analysis for the region of low hadronic recoil, that is, for large dilepton masses q 2 of the order of the b-quark mass, above the Ψ -peak.
The study of heavy-to-light decays at low recoil by means of a local operator product expansion (OPE) in 1/ q 2 has been put forward by [8] , and recently [9] , see also [10] for earlier mention on inclusive decays. The simultaneous matching onto heavy quark effective theory (HQET) and use of the improved Isgur-Wise form factor relations [11] has been shown to be of benefit forB →K * + − decays by allowing for the design of specific low recoil observables with sensitivity to either short-or long-distance physics as well as checks of the theory framework [12, 13] . Equally important, the theoretical accessibility of this kinematic region is necessary for a full exploitation of the available and future rare B-decay data. Note that roughly a similar amount ofB →K * + − data exists presently for the low and the large recoil region by all contemporary B-physics experiments, BaBar, Belle, CDF and LHCb.
The latter will soon be competitive and eventually take over in statistics as indicated by the recent preliminary results on the angular distribution ofB 0 →K * 0 + − decays [14, 15] . As forB →K + − decays, LHCb reported so far 35 ± 7 events of B + → K + µ + µ − within a recorded luminosity of 37pb −1 during the 2010 LHC run [16] .
The plan of this paper is to work out and explore the phenomenology ofB →K + − decays at low hadronic recoil. We give in Section II the heavy-quark form factor relation, collect the expressions for the decay amplitude at low recoil and discuss the observables relevant to our model-independent framework. In Section III A we present SM predictions including a discussion of their uncertainties. In Section III B we derive constraints on the ∆B = 1 short-distance couplings enteringB →K ( * ) + − decays using the most recent experimental low and large recoil data. We conclude in Section IV. Details on the form factors are given in Appendix A.
II. THE DECAYB →K + − AT LOW RECOIL
We use an effective ∆B = 1 Hamiltonian to describe the flavor-changing b → s + − transitions as
Here, the ellipses denote tree-level induced or subdominant contributions which we assume to be SM-like. Furthermore, V ij denote CKM-elements and m b the MS-mass of the b-quark.
We allow the Wilson coefficients C 7,9,10 to be complex-valued to account for CP-violation beyond the SM. We assume them throughout this work to be evaluated at the scale µ = m b .
For further details we refer to previous low recoil works employing the same notation [12, 13] .
A. The Improved Isgur-Wise Relation
The matrix elements ofB →K transitions can be parameterized in terms of three q 2 -dependent form factors f +,T,0 which are defined in Appendix A. Following [8, 11] , the QCD operator identity
allows to derive an improved Isgur-Wise relation between f T and f + , 4) in agreement with [17] . (We neglect the mass of the strange quark.) Here, we denote by m B , m K the B-meson and kaon mass, respectively, and neglect in the second line the subleading HQET form factor δ 
with the HQET Wilson coefficients C
. While deriving Eq. (2.4) one finds that the form factor f 0 is a power correction 6) as expected from heavy quark symmetry [18] .
Beyond the contributions from the operators in Eq. (2.1), the amplitude ofB →K + − also receives contributions from current-current and QCD-penguin operators. As a result of the OPE in 1/ q 2 for the leading dimension 3-operators, these contributions can be taken into account by effective Wilson coefficients C eff 7,9 [9] , whereas sub-leading contributions enter at dimension 5 and are suppressed by (Λ/m b ) 2 ∼ 2%. Here we follow [8] and subsequent low recoilB →K * + − works [12, 13] and perform an additional matching onto HQET and use the form factor relation Eq. (2.4). The effective coefficients are then given as [13] 
8 (q 2 ) , (2.7)
These include the NLO QCD matching corrections and doubly Cabibbo-suppressed contributions proportional to λ u = V ub V * us /(V tb V * ts ). The latter are responsible for the tiny amount of CP-violation in the SM in b → s transitions.
TheB →K + − decay amplitude [4] simplifies within the SM operator basis Eq. (2.1) after applying the form factor relation Eq. (2.4) to
where [8] . The associated uncertainties are included in our phenomenological analysis following the procedure described in [13] .
The coefficient F P is suppressed by m /m B and hence small for light leptons. Since the form factor f 0 enters F P only, its impact for phenomenological implications is negligible except for taus.
C. Observables and Angular Distribution
Continuing along the lines of [4] , we write the differentialB →K + − decay distributions 
The terms in theB →K + − angular distribution Eq. (1.1) can then be obtained as [4] Γ = 2
15)
A FB = 0, (2.16)
The forward-backward asymmetry ofB →K + − decays is zero within the SM operator basis 1 and F H is suppressed by lepton mass, see below. However both observables receive contributions from scalar and tensor operators, and can signal such BSM effects [4, 20] .
For = e, µ we can safely neglect the lepton mass. In this limit β = 1 and
with the short-distance coefficient
The differential decay rate at low recoil can then be written as 20) and F H vanishes for m = 0.
The SM value of ρ 1 and its associated uncertainties have been presented earlier in the discussion ofB →K * + − decays at low recoil [12] . The appearance of the same shortdistance factor ρ 1 in both vector and pseudoscalar final states uniquely correlates the decays B →K + − andB →K * + − into light leptons. As a consequence, the CP-asymmetry of the decay rate, A CP , is identical
whereρ 1 is obtained from ρ 1 by complex conjugation of the weak phases, i.e., the CKM matrix elements and the Wilson coefficients C i . The CP-asymmetry a
CP is form factor-free and essentially vanishes in the SM |a
Keeping the lepton mass finite we obtain
The second term in F 0 is order one despite f 0 being a power correction, see Eq. (2.6), because of the phase space enhancement by the factor λ ∼ O(Λ 2 m 2 B ) in the denominator. The q 2 -differential flat term of the angular distribution
can be sizable for = τ , as we show explicitly in Section III A for the SM. The
observable is complementary to theB →K + − branching ratios. From combined analysis with the branching ratios ofB →K ( * ) + − for = e, µ decays the coefficient ρ 1 could be extracted together with the magnitude of C 10 , see also [21] , given sufficient control of f 0 /f + . TABLE I. The numerical input used in our analysis. We neglect the mass of the strange quark.
The superscript 0 ( + ) refers to neutral (charged) parameters.
III. PHENOMENOLOGICAL ANALYSIS
For the phenomenological analysis of the various rare B decay observables we use the numerical inputs given in Table I . All numerical results presented are obtained with the EOS flavor tool [22] . All experimentalB →K ( * ) + − results shown and used are CP-averages, and should silently be understood as those.
A. Standard Model Predictions forB →K + −
The SM predictions for theB →K + − observables at low recoil in the framework described in Section II are given in Table II . The integration region is 14.18 GeV
i.e., above the Ψ -resonance. We employ the form factors f + and f 0 -the latter is required for decays to massive leptons only -from light cone QCD sum rule (LCSR) calculations and a q 2 -shape by a series expansion from [7] extrapolated to high q 2 . Our choice is motivated by the good agreement with preliminary unquenched lattice results [26] and the availability of uncertainties for the parameterization of the form factors, see Appendix A for details.
The dependence on the tensor form factor has been removed by means of Eq. (2.4).
The uncertainties given in Table II originate from the form factors (FF), specifically the variation of the inputs Table II because it is below the given precision. To the accuracy given in Table II SM CP-violation is too small to induce any effect.
At high q 2 weak annihilation topologies are strongly suppressed by (Λ/m b ) 3 [9] , and thus isospin breaking effects are dominated by the differences in the lifetime. The branching ratios of decays of neutral B-mesons are obtained by rescaling the corresponding branching ratios of charged B decays in Table II with the ratio of lifetimes τ B 0 /τ B + . In the numerics we keep as well the very small effect of isospin breaking by the masses m B and m K .
We show the SM predictions for dB(B Fig. 1 Fig. 2 . In Fig. 3 we show the differential SM branching 2 The data on the binnedB →K + − branching ratios by Belle and BaBar are publicly available for an unknown admixture of charged and neutral B decays only. We find differences of the order of the scan resolution in the constraints Figs. 5 and 6 when interpreting the Belle data as either purely charged or as purely neutral B decays. This effect will be even less important in the future with improved statistics. ratio into ditaus. The evaluation of observables in the large recoil region is carried out within the framework of QCDF [5, 6] . We employ the sameB →K + − form factors used at low recoil, i.e., the ones from Ref. [7] . The treatment of the subleading corrections for low q 2 is adapted from [29] . The flat term F H (q 2 ) for both muons and taus is shown in Fig. 4 
B. Model-Independent Analysis
We perform a model-independent analysis in the ∆B = 1 complex-valued Wilson coefficients decays. The corresponding experimental results for the latter branching ratios from Belle [27] and CDF [28] are given in Table III , and also shown in Fig. 1 (see also footnote 2). The data by BaBar [3] shown as well in Fig. 1 are not used as none of the two bins are fully applicable to low-or high-q 2 theory frameworks. We discard CDF's data on B(B 0 →K 0 µ + µ − ) [28] as the uncertainties are very large. First, binned measurements of A FB for light leptons are available and are consistent with A FB = 0 [27, 31] . These data are not taken into account because within the context of the SM operator basis used in this analysis A FB vanishes, see We perform a six-dimensional parameter scan over the magnitudes |C 7,9,10 | and weak phases usingB →K + − data. As the latter enter the analysis only via branching ratios, they put constraints on ρ 1 , roughly ∼ |C 9 | 2 + |C 10 | 2 , and show very little sensitivity to CP phases [32] .
In Fig. 6 we show the constraints fromB →K + − decays alone in the large recoil region, the low recoil region and for both kinematic regions, respectively. All these constraints are consistent with each other and the agreement with the SM is good.
From the full scan we obtain the allowed ranges their SM value.
Furthermore, we obtain constraints for real-valued Wilson coefficients C 9,10 by discarding from the complex-valued scan all data with φ 7,9,10 = 0, π. These constraints are shown in In the SM we find the zero to be located at consistent with [6, 29, 34] . The SD uncertainty without the one from the scale µ is
The location of the zero is form factor-independent only at lowest order in 1/m b [2, 5] . The uncertainty denoted by FF stems from varying the LCSR inputs to the form factors used in the scan to describeB →K * + − decays by [35] .
One can ask about the implications for generic new physics from the ∆B = 1 BSM operators
Assuming unsuppressed contributions, |c 9,10 | = 1, the scale of new physics Λ NP must be as high as 
IV. CONCLUSION
With event samples of order several hundred analyzed [3, 14, 15, 27, 28] and beyond a thousand from LHCb alone at the horizon [16] the studies of rare decaysB →K ( * ) + − begin to reach deep into the space of ∆B = 1 weak operators in terms of the allowed ranges and correlations of the short-distance couplings.
Allowing for BSM CP-violation the current status is shown in Fig. 5 , updating the analysis of [13] for the moduli of the Wilson coefficients C 9 and C 10 by including the data from LHCb [14] andB →K + − decays. For the latter we worked out predictions for the kinematic region of low hadronic recoil, proven already beneficial forB →K * + − decays [12] . The low recoil framework is equally applicable to other B-meson to pseudo-scalar decays, includinḡ
We find that the SM is presently in good agreement with the rare decay data.
Assuming none or negligible CP-violation only the current situation is shown in Fig. 7 . The preferred confidence region is shared between disconnected islands, one including the SM.
Only two, solution A and D, allow for a forward-backward asymmetry zero inB 0 →K * 0 + − decays. We predict the location of the zero to be above 1.7 GeV 2 . If a zero is found, the solution C, which is already disfavored, is excluded. Vice versa, if no zero is found, solutions A, the SM, and D are excluded. To distinguish the solutions A and D requires that the precision of the model-independent analysis reaches the level of being sensitive to interference terms with SM dominated four-fermion operators.
The presence of the pseudo-scalar channel improves the statistical power of the analysis.
Even stronger advantages arise from correlations among the rare decays: We find that at low recoil theB →K + − amplitude involves the same short-distance couplings present in B →K * + − for light leptons ( = e or µ), and the corresponding CP-asymmetries in the rate, a and lepton non-universality by comparingB →K + − observables into electrons with those into muons, e.g., [4] .
Note added: During the completion of this work a systematic analysis of ∆B = 1 constraints including low-and high-q 2 data onB →K * + − but withoutB →K + − decays appeared [36] . The findings for the SM operator basis are qualitatively consistent with [12, 13] and the present work.
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TheB →K form factors f + , f T and f 0 by [7] extrapolated to the high-q 2 endpoint and preliminary lattice results with statistical uncertainties only (data points) [26] . The shaded bands
show the respective form factor uncertainties.
Appendix A: The B → K form factors
The B → K form factors f +,T,0 are defined as usual
where p (k) denotes the four-momentum of the B-meson (kaon) and q = p−k. The numerical analysis in this work is performed with the form factors from Ref. [7] parameterized as,
and the input given in Table IV . The values f i (q 2 = 0) stem from LCSR calculations.
The form factors are shown in Fig. 9 , extrapolated to high q 2 . Here, the agreement with preliminary lattice results by Liu et al. [26] , which are shown as well, is good.
Form factors stemming from different methods and parameterizations relevant toB → K + − decays at low recoil are compared in Fig. 10 . Here we show f + and the ratio f 0 /f + enteringB →Kτ + τ − decays divided by the corresponding (extrapolated) ones used in our (f 0 /f + )/(f [7] 0 /f [7] + )
FIG. 10. Ratios of f + and f 0 /f + from extrapolated LCSR by [37] (solid lines), extrapolated LCSR with simplified series expansion [38] (dashed), a relativistic quark model [39] (dash-dotted) and unquenched lattice calculations [26] (points), over the corresponding extrapolated form factors [7] used in this work.
analysis, from Ref. [7] . Owing to a different q 2 -shape the extrapolated LCSR ones from [37] (solid lines) grow much larger towards very low recoil, and differ most strongly from the findings of [7] and lattice [26] . Both findings for f + in the relativistic quark model [39] and LCSR from [37] combined with a simplified series expansion [38] exhibit a shape similar to the ones from [7] . The differences between f + and f 0 /f + from [7] and [38, 39] are within 25% and 21%, respectively, which is within the uncertainties covered by Table IV. The validity of the lowest order improved Isgur-Wise form factor relation Eq. (2.4) can be quantified by looking at deviations of TABLE IV. Input to the B → K form factor parameterization Eq. (A3) from [7] .
from κ, given in Eq. (2.5). As can be inferred from Fig. 11 , for both the LCSR extrapolation [7] and lattice results [26] the agreement is good near the kinematical endpoint. For smaller dilepton masses R T is smaller than κ 1. The agreement improves somewhat if the kinematical prefactor on the right-hand side of Eq. (A4) is replaced by one. Note that R T (q 2 ) obtained with the form factors from [37] [38] [39] behaves very similar to the one of [7] .
Including a positive-valued 1/m b HQET form factor δ 
Lattice studies for B → π [40] suggest that they are not larger than the estimate by dimensional analysis.
We recall that the impact of f T on theB →K + − decay observables at low recoil is
